Abstract. The problem of bent cracks of finite length in an orthotropic plate subject to an arbitrary longitudinal shear is studied with the help of Mellin transforms. The case of constant shear stress is considered in detail. The final results of this paper are obtained in closed form, and the expressions for stress intensity factors and crack energy are obtained. The numerical results for stress intensity factors are given in tabular form.
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Introduction.
It has been shown by Irwin [1] and Barenblatt [2] that the determination of the stress in the vicinity of a crack in an elastic body plays an important role in the theory of brittle fractures. Consequently a great many authors have devoted time in recent years studying this problem. The purpose of this paper is to consider the behavior and the characteristics of the non-linear shaped cracks, paying particular attention to the complicated crack configurations that are bent and branched curves generally observed in the microscopic crack growth or propagation processes. In recent years, bent cracks have been studied by Kitagawa, Yunki and Ohira [3] , Y. Chang and X. S. Zhang [4] , and X. S. Zhang and Y. Chang [5] . In references [3] [4] [5] one or two bent cracks are studied. In this paper, with the help of Mellin transforms, the general problem of the four bent cracks of finite length in an orthotropic infinite plate subject to an arbitrary longitudinal shear stress is considered and reduced into a set of quadruple integral equations. 
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The same type of integral equations has been solved by Singh [6] . A method is developed to find the solution of quadruple integral equations involving Mellin transforms in closed form. Finally the expressions for stress intensity factors and the total energy to open the cracks are obtained.
Formulation of the problem.
In this paper we consider an infinite orthotropic plate with four bent cracks of finite lengths as shown in Figure 2 . In this figure, the bent cracks are shown with thick lines. The interior angle between the flanks is 2δ. In Figure 1 , we have shown that the stressed plate is rigidly joined along the X 2 X 1 axis, with one bent crack. To solve this problem we introduce a polar coordinate system with the origin being coincident with the angle tip of the cracks and the line oX 1 bisecting the angle 2δ. The position of a point in a cracked plate may then be defined by a distance r in the radial direction from the origin and an angle θ between r and oX 1 . The sign of θ is positive if it is counterclockwise from oX 1 to r. We may consider the cracked plate which is composed of two plates governed by two coordinate systems (r, θ 1 ) and (r, θ 2 ) in the upper and lower half-planes, respectively. In this case the boundary conditions are
and the continuity conditions are
14)
where the z-direction is perpendicular to both planes rθ 1 and rθ 2 , θ 1 = θ and θ 2 = −θ.
For the anti-plane shear the only non-zero displacement component of each orthotropic plate along the z-direction should be governed by the following differential equation:
where both µ rz and µ zθ j are constants and j = 1, 2.
The corresponding stress components in each of the two orthotropic plates are
In our analysis we assume that
If the cracked sheet is composed of the same material throughout, then we know that
In order to solve this problem we have to find the displacement components u z (r, θ j ) in each of the two plates satisfying the equations (2.1)-(2.18).
3. Reduction of the problem to quadruple integral equations. The solution of the differential equations (2.18) in the Mellin transform form may be written as:
where 
With the help of equations (3.5) and (3.7), the boundary conditions (2.4) (2.6), (2.10) and (2.12) are satisfied if
With the help of equations (3.1), (3.2), (3.5) and (3.7), the continuity conditions (2.14)-(2.17) are satisfied if we take
With the help of equations (3.5) 1 , (3.1), (3.8) and (3.9), the boundary conditions (2.1), (2.2), (2.3) and (2.5) lead to the following quadruple integral equations involving Mellin transforms:
Again with the help of equations (2.19), (3.2) the boundary conditions (2.7), (2.8), (2.9) and (2.11) give rise to the following integral equations involving Mellin transforms:
where
In this way we obtain two pairs of quadruple integral equations (3.10)-(3.13) and (3.14)-(3.17) for solving the problem.
Solution of quadruple integral equations (3.10)-(3.13).
In order to analyse conveniently, the equations (3.10)-(3.13) may be rewritten as
Let us assume that the solution of the quadruple integral equations (4.1)-(4.4) has the following form: 
We differentiate equation (4.7) with respect to r and assume that
where φ 1 (r) and φ 3 (r) are unknown functions to be determined from equations (4.6), (4.7) and (4.8). Equation (4.9) is of Abel's type, and thus its solution can be written with the help of the book of Sneddon ([7] , p. 40) in the following form:
Making use of equations (4.9) 2 and (4.9) 3 , we find the solution of the Abel's type integral equations in this form:
With the help of equation (4.9) 3 , we find the solution of the Abel's type integral equation in the following form:
Substituting equation (4.10) into equation (4.6) and interchanging the order of integrations, we find that
Making use of the following result,
we can write equation (4.13) in the following form:
Equation (4.15) is of Abel's type, and its solution can be written in the form
Equation (4.16) can be rewritten in the following form:
Assume the right-hand side of equation (4.17) is a known function of t. With the help of the solution of the Abel's type integral equations, we find that
Interchanging the order of integrations and differentiations in equation (4.18) we find that
Making use of the following integrals, 
Substituting the expression for g(t) from equations (4.10), (4.11) and (4.12) into equation (4.23) we find that
Substituting from equation (4.17) into equation (4.24), we find that
(4.27) Equation (4.25) can be written in the following form:
Interchanging the order of differentiation and integration in equation (4.28), we find that
Making use of the modified Hilbert transforms theorem discussed by Singh [6] , we obtain the solution of the integral equation (4.29) in the following form:
where C 1 is an arbitrary constant. Equation (4.7) can be written in the following form:
Substituting the value of g(t) from equations (4.11) and (4.12) into equation (4.31), we find that Making use of equations (4.30) and (4.35), we find that
where K(k) is the complete elliptic integral of the first kind and
Making use of the identity
equations (4.30) and (4.36) can be written in the alternative form:
and
where k is defined by equation (4.37). Substituting from equation (4.30) into equation (4.22), we find that
5. Shear stress, shear intensity factors and energy of the cracks. We find from equations (3.5) 1 and (3.9) 1 that
Substituting the value of A(s) from equation (4.5) into the above equation (5.1), we find that
Making use of equations (4.10), (4.11), (4.17) and (4.39), the above equation may be written as
We can easily write that
Substituting the value of g(t) from equations (4.10), (4.11) and (4.12) into the above equation (5.4) and finally using equation (4.30), we find that
Now the expression for stress intensity factor at r = a 1 is given by
6)
where we have used equation (5.3) to obtain the above result. The stress intensity factor at r = b 1 is given by
Making use of equation (5.5) we find that the stress intensity factor at r = c 1 is given by
From equations (3.1), (3.8) and (3.9) we find that
Substituting the value of A 1 (s) from equation (4.5) into equation (5.9), interchanging the order of integrations and using the integral (A 1 ), we find that the displacement in the regions 0 < r < a 1 and b 1 < r < c 1 has the following form:
Making use of equations (4.10), (4.11) and (4.12), we find from equation (5.10) that
The total energy W 1 required to open the crack 0 < r < a 1 is
Making use of equations (2.1) and (5.11), we find that
(5.14)
In the same way, using equations (2.2) and (5.11), we find that the total energy to open the crack b 1 < r < c 1 is
6. Constant pressure case. When the cracks are opened by a constant pressure we assume 
2)
3)
where E(k) is the elliptic integral of the second kind:
Making use of equations (4.41) and (6.2), we find that
Making use of equations (5.3), (5.5), (6.2), (6.3) and (6.4), we find that
and Making use of equations (5.6), (5.7), (5.8), (6.2), (6.3) and (6.4), we find that . (6. 14)
The values of the stress intensity factors K a 1 , K b 1 , K c 1 at A 1 , B 1 and C 1 for this problem are given in Tables 1-3 .
Replacing a 1 , b 1 , c 1 by a 2 , b 2 , c 2 and F 1 (r), F 2 (r) by F 3 (r) and F 4 (r) in the solution of integral equations (3.10), (3.11), (3.12) and (3.13), we can easily find the solution Conclusions. We find that the stress intensity factors at the crack edges in an infinite orthotropic plate are independent of material constants and the angle δ of the inclination of the line of cracks to θ = 0. Making a comparison of the results for the stress intensity factors from equations (6.10), (6.11) and (6.12) in this study with those of Nagar, Fu and Mendelsohn [9] we find that the results of this study give the expressions for the stress intensity factors for three collinear cracks in the infinite medium under shear or plane strain. Finally, this paper gives a new method for obtaining a closed form solution of quadruple integral equations involving Mellin transforms which has mathematical importance and applications.
